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(57) Abstract 

This invention provides an inventive tissue sampling probe which offers many advantages over probes available in the prior ait. 
Unexpectedly superior results are obtained in connection with the retrieval of intact tissue specimens, because of a unique combination 
of cutting features, including, for example, the employment of an electrosurgical cutting element and a vacuum assist in one preferred 
embodiment. A particularly important feature of the invention is the ability to manipulate die electrosurgical cutting element to cleanly 
sever the distal end of the tissue specimen. In certain embodiments, this is accomplished without any cutting impact on surrounding tissue. 
The vemtility of the invention pemnits its use in many applications, including, for example, breast biopsies, laparoscopic surgery, and 
lymphadenectomy procedures. 
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MEIHCXK AIW DEVICES TOR CX)11ECII0N 

Weld of die Invention 

The present invention relates to methods and devices for tissue sampling, 
and more specifically to inqroved instruments and methods for acquiring soft body 
5 tissue. 

Rflckgronnd of the Invention 

It is often desirable and frequently iwcessary to sample or test a portion of 
10 tissue from humans and other animals, particularly in the diagnosis and treatment of 
patients with cancerous tumors, pre-malignant conditions, and other diseases or 
disorders. 

Typically, in the case of breast canca, there is a great emphasis on early 
detection and diagnosis throu^ the use of soiling modalities, sudi as physical 

15 examination, and particularly mammograirfiy, which is capable of detecting very 
small abnormalities, often nonpalpable. When the physician establishes by means 
of a mamnnogram or otiier screening modality that suspicious circumstances exist, 
a biopsy must be perfwrned to capture tissiK for a defmitive diagnosis as to 
vy^iether the suspicious lesion is cancerous. Biopsy may be done by an open or 

20 percutaneous technique. Open biqpsy, which is an invasive surgical procedure 
using a scalpel and involving direct vision of flie target area, removes the entire 
mass (excisional biopsy) or a part of the mass (incisional biopsy). Percutaneous 
biopsy, on tl^ other hand, is usually done with a needle-like instrument through a 
relatively small incision, blindly or with the aid of an artificial imaging device, and 

25 may be dther a fine needle aspiratim (FNA) or a core bio^ In FNA biopsy, 

individual cells or clusters of cells are obtained for cytolo^c examination and may 
be prq3ared such as in a Papanicolaou smear. In core biopsy, as the term suggests, 
a core or fragment of tissue is obtained for histologic examination which may be 
done via a frozen section or parafBn sectioa 

1 



wo 98/08441 PCTAJS97/15092 

The t>pe of biopsy utilized depends in large part on circumstances present 
with respect to the patient, including the location of the lesion(s) within the body, 
and no single procedure is ideal for all cases. Howver, core biopsy is extremely 
useful in a number of conditions and is being used more fiequently by the medical 
5 professioa 

A very successful type of image guided percutaneous core breast biopsy 
instniment currently available is a vacuum-assisted automatic core biopsy device. 
One such successful biopsy device is shown and disclosed in U.S. Patent No. 
5,526,822, U.S. Patent Application Serial Number 08/386,941, filed on February 
10 10, 1995, and U.S. Patent Application Serial Number 08/568,143, filed on 
December 6, 1995, all of which are commonly owned by the assignee of the 
present application and are herein incorporated by reference. Hiis device, known 
commercially as the MAMMOTOME® Biopsy System, has the capability to active 
capture tissue prior to cutting the tissue. Active capture allows for sampling 
15 through non-homogeneous tissues, meaning that the device is equally capable of 
cutting througji hard and soft tissue. The device is comprised of a disposable 
probe, a motorized drive unit, and an integrated vacuum source. The probe is made 
of stainless sted and molded plastic and is designed for collection of multiple tissue 
samples with a single insertion of the probe into the breast. The tip of the probe is 
20 configured with a laterally disposed sampling notch for capturing tissue samples. 
Orientation of the sanple notch is directed by the jAysician, v^te uses a 
thumbv\«>eel to direct tissue sampling in any directioi about the circumfereiice of 
the probe. A hollow cylindrical cutter severs and transports tissue samples to a 
tissue collection chamber for later testing. 
25 >^le the MAJ^OTOME Biopsy System functions V 

biopsy device, flieie «re occasions 'wAwi, because of the size of a leaon, or its 
location, it may be advantageous to use a core biopsy device of a t>pe disclosed in 
US. Patent No. 5,1 1 1,828, to Komberg et al., also expressly inooiporated by 
reference herein, wherein the tissue receiving port is disposed at the distal end of 
30 the device and is oriented axially rather than laterally. A disadvantage of this type 
of device, however, is the lack of ability to eflFectively and efficientiy draw tissue 
into the receiving chamber prior to and during the tissue cutting process. Asecond 
disadvantage is the requirement to withdraw die device fiom parent tissue and 
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remove the first specimen, reassemble the device, then reintroduce the device for 
each desired specimen A third disadvantage is the necessity of manually handling 
each specimen obtained 

On other occasions, the ability to sanqjle any selected area of a cavity wall 
fiom within tfie cavity may be in^ortant, which ability requires the use of a 
flexible probe. 

Furthennore, it is desirable during the biopsy process to "stage" the spread 
ofacancer. For example, breast cancer starts in the milk ducts, the m^^ 
glands. The initial change towards breast cancer is now thought to be the 
development of atypical ductal hyperplasia. Hie next step is thought to be 
represented by ductal carcinoma in situ. Finally, the last step in the development of 
breast cancCT is infiltrating ductal carcinoma. By the time the breast cancer has 
reached the stage of infiltrative ductal carcinoma, breast cancer cells have 
developed the ability to migrate fiom the duct of origin, disassociate themselves 
from one anotho", and enter vascular structures, such as the lynphatic dannels. 
When these malignant infiltrative ductal carcinoma cells enter the vascular system, 
they can spread or metastasize to other parts of the body. It is this metastatic 
pnx^ess that ultimately leads to death fiom breast cancer. 

When breast cancer cells enter the lymphatic system, they metastasize in an 
orderly fashion to regional lymph nodes. Drainage can occur to the axillary lynph 
nodes, the supraclavicular lymph nodes, the lateral thoracic lymph nodes, and to the 
internal mammary lymfh nodes. 

It is the current standard of practice to determine if breast cancer cells have 
extended to regional lymph nodes by surgically perforraing an axillary lynph node 
dissection known as lyn^Aad^iectomy. In this open surgical procedure, a 
relatively large incision (5-10 cm), is made at the axUla (the aimpit). Tbough this 
incision, a relatively large volume (15 to 30 grams) of fatty tissue and lymfAi node 
tissue are removed. 

During this process, anywhae fiom 10 to 30 lynph nodes can be recovered 
and submitted to pathology, where each of these lymph nodes is examined for the 
presence or absence of metastatic teeast cancer. Based on positive lynqjh node 
findings, systemic therapy will be given to the patient with breast cancer, including 
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chemotherapy. If, on the other hand, the lynnph nodes of the axilla are fi^e of 
metastatic disease, then the use of systemic therapies is limited. 

Surgical lymphadenectomy carries a low mortality, but high morbidity. The 
most common morbidity is the development of lymjda edema in the ami. which is 
5 ipsilateral to the axilla dissected The development of lymph edema in tte 
ipsilateral arm is, at times, a debilitating con^jlicatiOT, 

It has been shown in the examination of lyn^ihatic drainage of melanoma, 
and now shown in the lyn5}hatic drainage of breast cancers, that lynphatic drainage 
patterns can be defined by the injection of a radioisotope (or other traceable marker 
10 such as blue dye) into the bed of the tumor. The isotope (or d>^) is then followed, 
either visually, with a gamma camera imaging system, or with a Geiger counter- 
type of counting system. 

The spread of cancer cells is orda-ly, the fu:st lynph node reached by the 
drainage channels from the infected breast containing the most cancer cells. 
15 Consequently, the first lymph node in the draining system is referred to as the 
"sentinel" lynph node. 

It has been further shown, if one simply removes the sentinel lynph node, 
the determination of whether or not breast cancer has metastasized to the re^onal 
lynyh nodes of the axilla can be established without excision of the remaining 
20 lymph nodes in the axilla. The surgical removal of only one lyn^A node gready 
reduces the con?)lications of lyn?* node surgery including the nwrbidity of lynph 
edona. 

It would be desirable to further reduce the morbidity of the axillary sentinel 
lymph node biopsy if instrum^itation were available to allow the sontinel lyix^h 

25 node to be identified and rmioved percutaneousiy with as little effect as possible to 
thesurnnindbgtis'sue^stmcture. Tlie apparatus described in this pa^ can be 
introduced percutaneousiy through a small skin qsoiing and directed to the sentinel 
lymph node thus eliminating opm surgical exploratioa Consequently, sentinel 
lyn^^h node biopsy could be acconplished as an office procedure, eliminating 

30 hospitalization and minimizing the recovery period 

The elements of a percutaneous sentinel lyn^ node biopsy are as follows: 
The tumor site in the breast is injected with a radioisotope (such as technicium 99m 
labeled sulfiir colloid) which travels via the lynq^hatic channels to the sentinel 
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lyinph node. The sentinel lymph node then becomes radioactively visible, or "hot." 
The apparatus hereafter described is able to identify or locate the radioactive lymph 
node throu^ auditory and other signals, indicating ^^hen the apparatus is adjacent 
to the sentinel lyn^ node. The sysparatus is further able to then diaracterize or 
S "visualize" the surrounding tissue ^th the associated ultrasound portion of the 

apparatus. It is important to identify the associated structures adjacent to the iynf)h 
node, because relatively large blood vessels (arteries, veins,) and naves traverse the 
axilla With the combination of percutaneous Geiger counter identification and 
percutaneous ultrasound identification, the sentinel lymph node can be identified 

10 and biopsied without entering a major blood vessel or severing a major nerve. 

With a small entry site, no suturing would be required (the procedure would 
be percutaneous), and the patient could be sent home with a single band-aid over 
the axillary entry site. The following day, the patient would receive the results of 
the percutaneous sentinel lymi^ node biopsy determining >ni)ether or not metastatic 

IS disease is present or absent in the sentinel lynph node draining tfie affected breast. 

Instruments are known in the prior art which could be adapted to perform 
some of the procedures outlined above. For example, U.S. Patent No. 5,1 1 1,828 to 
Komberg et al. discloses a percutaneous excisional breast biopsy device having a 
cannula, opm distal and proximal ends, and a sharp cutting surface on the distal 

20 end A stylet extends through the cannula ard iricludes a distal puncturing end. A 
localization guide wire is used to direct the instrument to a biopsy site. The 
cannula is moved distally to cut a desired tissue specimen, after which a descending 
element is pushed to the distal end of the tissue specimen, then pulled proximally 
to sever the specimen conyletely from surrouiKiing tissue. 

25 A significant disadvantage of the Komberg approach is that only one tissue 

sample may.be obtained for eadi insertion of the instrument into the patient* s body 
to the biopsy site. Once the descending element has been pulled to sever the tissue 
sample, there is no opportunity to repeat the procedure while the instrument 
remains in place. Also, no means is provided to ensure that tissue to be sampled is 

30 drawn toward the distal «id of the cannula 2 (or "actively cqjtured"), thereby 
reducing tissue sampling efficiency. 

The present invention lacks the disadvantages and shortcomings of the prior 
art and provides an inpoved method and device for percutaneous excisional tissue 
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15 



biopsy. Tlie present invention may be used for purposes others than percutaneous 
biopsy. For example, the device may be used for general organ and tissue removal 
through a trocar to perfomi various iaparascopic procedures including splenectomy, 
nephrectomy, appendectomy and liver removal. The device may also be used 
laparascopically through a trocar to remove abnonnal grovrths such as polyps. 

Summatv nt riie Inventinip 

This invention provides an inventive tissue smpling probe which offere 
many advantages over probes available in the prior art. Unexpectedly superior 
results are obtained in connection with the retrieval of intact tissue specimens, 
because of a unique combination of cutting features, including, for example, the 
employment of an electrosurgical cutting element and a vacuum assist in one 
preferred embodiment. A particularly important feature of the invention is the 
ability to manipulate the electrosurgical cutting element to cleanly sever the distal 
end of the tissue specimea In certain embodiments, this is accomplished without 
any cutting impact on surrounding tissue. The venatility of the invention permits 
its use in many applications, including, for example, breast biopsies, intraoperative 
staging, laparoscopic surgery, and lymphadenectomy pnxMdures. 

20 '^Partiw'larly. the invention provides a tissue sampling apparatus v^^ 

comprises a tubular body having a primary lumen for receiving a tissue sample. 
The tubular body includes a distal end and a proximal end. An electoosurgical 
cutting element is provided, which is non-rotating during the cutting procedure in 
order to preserve the integrity of the tissue samples, thou^ it may be rolatably 
pivoted across the tubular cross-section at the conclusion of the cutting process in 
(Oder to sevCT the distal end of tiie tissue sample. In certain prcfened 
embodiments, the electrosurgical cutting element comprises a wire disposed distally 
ofthe distal end ofthetiibular body. A means for drawing tissue to be sampled 
into the primary lumen is also provided, whereby the electrosurgical cutting element 
cuts the tissue to capture an intact tissue sample core within the primary lunrn 
In a prefenwl embodiment, the means for drawing tissue into the himen 
comprises a source of vacuum pressure for drawing a vacuum throu^ the primary 
lumen, the vacuum pressure in tiie primary lumen drawing tissue to be sampled into 
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the primaiy lumen and the electrosurgical cutting element cutting the tissue to 
capture an intact tissue san^le within the primaiy lunm The vacuum pressure 
then acts to transport the specimen proximally throu^ the primary lumen to a 
tissue receptacle. 

5 In one particular aspect of the invention, the tubular body is relatively 

flexible, rather than relatively rigid, so tfiat the tubular body is steerable to obtain 
tissue san9>les bom any desired location on the wall of a tissue cavity. In such an 
embodiment, the apparatus is delivwable to the tissue cavity, which is typically a 
void formed by the ren:x)val of tissue during a biopsy procedure, using a 

10 percutaneous access device. 

In another particular aspect of the invention, a method of capturing a body 
tissue sample using a tissue sanpling apparatus is provided, w4ierein the tissue 
sampling apparatus conprises a tubular body having a lumen extending 
therethrou^ a distal end, an electrosurgical cutting element disposed distaliy of the 

15 distal mi of the tubular body, an actuator for moving the cutting element, and an 
electrocautery genoator. The method conpises the stqs of activating the 
electrocautery generator to energize the electrosurgical cutting elonmt, advancing 
the tubular body throu^ a tissue portion a desired distance so that the energized 
electrosurgical cutting element cuts a tissue san^le core as the tissue sample enters 

20 the lumen, and actuating the electrically oiergized cutting element so that it moves 
across at least a portion of the cross-sectional area of the tissue sample core at its 
distal end. This movement of the cutting element functions to sever the distal end 
of the tissue sample to thereby cq)ture the tissue sample core in a substantially 
intact condition within the tubular body lumen. 

25 The invention, together with additional features and advantages thereof, 

may best be understood by reference to the following descripd(»i taken in 
conjunction with the acconqsanying illustrative drawing 

Brirf Description of the Praning 

30 

Fig 1 is a perspective view of a first preferred embodiment of the inventive 
tissue sampling instrument; 
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Fig. 2 is a perspective view illustrating the distal end of the inventive 
instrument shown in Fig. 1; 

Fig. 3 is a perspective view similar to that of Fig. 2, illustrating the 
5 conductive cutting hoop of the Fig. 1 embodiment displaced in a first direction; 

Fig. 3a is an end elevation view illustrating the conductive cutting hoop 
displaced in the first cutting direction; 

F« 4 is a perspective view similar to Figs. 2 and 3, illustrating the 
conductive cutting hoop in the process of being displaced fix)m the fust cutting 
direction to a second cutting direction opposite to the first cutting direction shown 
in Fi^, 3 and 3a; 

15 Fig 4a is an end elevation view similar to that of Fig. 3a, illustrating the 

conductive cutting hoop displaced in the second cutting direction; 

Fig. 5 is apeispective view of a modified embodiment of the distal end of 
the invOTtive instalment, illustrating the COTductive cutting hoop in a retracted 
20 position; 

Fig. 6 is a perspective view of the modified embodiment of Fig. 5, 
illustrating the ocxiductive cutting hoop in an axially extended position; 

25 Fig. 7 is a perspective view of a second modified embodiment of the distal 

end of tiie inventive jpstru^ vrfiercin the si^jpcnt stem foe the conductive cutting 
hoop, shown in its retracted position, is preformed to a predetermined ncm-linear 
sh^; 

50 Fig. 8 is a perspective view of the second nxxiified embodimoit, similar to 

Fig, 7. showing the conductive cutting hoop in an extended non-linear position; 
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Fig. 9 is a perspective view of a second preferred embodiment of the 
inventive tissue smpling instrument, illustrating a flexible prohQ which is adapted 
for percutaneous deployment into a body cavity throu^ an established working 
port; 

5 

Figs. 10 and lOa are perspective views illustrating the distal end of the 
embodiment shown in Fig. 9; 

Fig. 1 1 is an enlarged elevational schanatic view of the distal portiai of 
10 the flexible {robe illustrated in Fig. 9; 

Fig. 12 is an elevational view similar to that of Fig 11, illustrating the 
receipt of a tissue specimen wittun the distal end of the flexible probe; 

15 Fig. 13 is a perspective view of the embodiment of Fig. 1, illustrating an 

optional inventive feature for accommodating a plurality of tissue sanples; 

Fig. 14 is a sch^natic cross-sectional view illustrating the interior of a 
tubular portion of the tissue san^ling device shown in Fig. 13, illustrating the use 
of a movable stop plunger to pemiit the receipt of multiple tissue specimens and to 
prevent the specimens from being suctioned proximally to a source of vacuum 
utilized to draw tissue sanples into the inventive device; 

Fig. 15 is a perspective view similar to that of Fig. 1, illustrating a third 
preferred embodimmt of the inventive tissue san^Iing device; 

Fig. 16 is a perspective view of the distal or business end portion of the 
Fig. 15 embodiment; 

Fig. 17 is a perspective view similar to that of Fig. 16, illustrating the 
conductive cutting hoop of the invention actuated to a drawn severing position; 
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Fig. 18 is a perspective view similar to that of Fig. 1, illustrating a fourth 
prefored embodimoit of the inventive tissue sampling instrument; 

Fig. 19 is a perspective view of the distal or business end of the 
embodiment illustrated in Fig. 18; 

Fig. 20 is a perspective view similar to that of Fig. I, illustrating a fifth 
preferred embodiment of the inventive tissue sampling device; 

Fig. 21 is a perspective view of the distal end portion of the embodiment 
illustrated in Fig. 20. wherein the distal end is preformed to a predetermined shape; 



Fig. 22 is a perspective view similar to Fig. 21, illustrating the retraction of 

an inner cannula and subsequent relaxation of the distal end to its predetermined 
15 shape; 

Fig. 23 is a perspective view similar to that of Fig 1, illustrating a sixth 
prcfored onbodiment of the inventive tissue sampling device; 



20 



25 



30 



Figs. 24-27 are perspective views of the distal end portion of the Fig. 23 
onbodiment, in various operating positions; 

Fig. 28 is a perapective view similar to that of Fig. 23, illustrating the tissue 
sanpling instrument in a pre-sanpling condition; 

Fig. 29 is« pwspective view of a stand-alone sensing probe which may be 
used in ccmnection with the embodiment of Fig. 28; 

Figs. 30, 30a, and 30b are pergjective views of a multi-visioi iw*e whidi 
may be used in connection with the embodiment of Fig. 28; 

Fig. 31 is a side view of oxloscopic shears which may be utilized in 
connection with the embodiment of Fig. 28; 
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Fig. 32 is an end view of the endoscopic shears illustrated in Fig. 31; 

Fig. 33 is a perspective view of a seventh ircfentd embodimait of the 
inventive tissue sanQ)ling instrument, which incoiporates a mechanical tissue 
5 removal system; and 

Fig. 34 is a cross-sectional view of the tissue acquisition device illustrated 
in Fig. 33. 

10 Pcscripfion of the Invgption 

Refening now more particularly to Figures 1-8, a first preferred 
embodiment of the invention is shown. The invoitive tissue sampling probe 10 
conprises a tube 12 having a primary lunoen 14 and a secondary lumen 16. 

15 Ext«iding axially through the secondary lumen 16 is a s^jport stem 18, preferably 
conprised of an electrically conductive metallic wire, \^ch is joined at its distal 
end to a conductive cutting loop 20. 

Ihe tube 12 is connected, at its prcndmai end, to a source of vacuum 13, 
vAich is adapted for selectively drawing a vacuum througji the primary lumen 14, 

20 The tube 12 is preferably fabricated of a non-conductive radiolucent or radiodense 
biocompatible material, such as plastic or epoxy, and prefoably has a round cross- 
section, thou^ other tube shapes may be used as well . The material may also be 
electrically conductive if its entire outside surface area is covered with an 
electrically insulative material (not shown). 

25 As shown in Fig3. 3 and 4, the condiK^ive cutting loop 20 may be pivoted 

rotaticmlly in a dteection transverse to the longitudinal axis 22 of the tube 12, fiom 
a rightmost position (Fig.3) to a leftmost position (Fig.4). This pivoting action is 
created by rotation of the siqjport stem 18 using an actuator 24 disposed at a 
proximal end of the inventive tissue san?)ling probe 10 (Fig. 1). The actuator 24 

30 preferably comprises a housing 26, a fixed handle 28, a loop advancement slide 
knob 29, a trig^ 30, a vacuum ovenide switch 31, and an electrosurgical 
energy/vacuum actuation switch 32. The housing 26 encloses a spring mechanism 
(not shown) for joining the trig^ 30 and the support stem 18 so that when the 
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trigger 30 is squeezed in a conventional manner, against the bias of the sfffing 
mechanism, the siqjpoit stem 18 is rotated to pivot the conductive cutting loop 20 
to the position shown in Figure 3. When the trigger 30 is opened in the direction 
opposite of the squeezing direction, against the bias of the spring mechanism, the 
5 support stem 18 is rotated to pivot the conductive loop 20 to the position shown in 
Figure 4. Any otha- type of desired conventional actuator may be used as well, 
including manual, motor-driven, and electronically-driven mechanisms. 

An iraportm aspect of the invention is the use of an electrocautery 
generator 33 (Figure 1). The electrical energy fiom the electrocautery generator is 
conducted along electrical line 33a to the support stem 18 and fiom there to the 
conductive cutting loop 20 of the apparatus shown in Figure 1. Additionally, the 
source of vacuum 13 is also anployed to selectively draw a vacuum through a 
vacuum line 13a and along the tissue receiving lumen 14 formed by the tube 12. 
Therefore, in operation, with respect to the embodiment of Figure 1, the 
15 electrocautery generator is activated using the actuation switch 32 to electrically 

activate the conductive cutting loop 20. When the actuation switch 32 is depressed, 
the vacuum source is simultaneously activated to draw a vacuum thtou^ the lumen 
14. ftjoe these systems arc operatiMial, the tube 12 is advanced through tissue to 
obtain the desired tissue sanple. In the prefened embodiment, depth marks 34 are 
20 disposed axially along the exterior surface of tfje tube 12 in oider to assist the 
physician in detennining w4ien the tube 12 has been advanced to the desired 
position. 

In its prefored operational mode, the ener^zed ccxiductive cutting loop 20 
functions to cut a tissue saicph having approximately the same diameter or cross- 

25 sectional shape as that ofthe tube 11 Suiprisingly, ttie inventors have found tiiat 
flie combination of aB(lactivated electrocautery cutting element and the drawing of a 
vacuum at the cutting site proximally tfnxju^ die tissue receiving lumen 14 
improves and ejqjedites the tissue capture process, to an unraqjected degree. While 
soft tissues typically tend to move away from a sevaing instnnnent, sudi as a knife 

30 blade, tiie vacuum tends to counteract this movement, resulting in a staitlingly 
improved cutting process. 

Once a san^le of adequate loigth has been secured, the conductive cutting 
loop 20 is electrically actuated for cutting and mechanically actuated to rotatably 
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pivot both rigjitwardly and leftwaidly, as shown in Figures 3 and 4, using the 
trigger actuator 24. This pivoting action functions to sever the distal end of the 
tissue sanple (not shown) from the remaining body tissue, thereby completing the 
capture process. Furthaiix>re, as illustrated in Figure 1, a tissue reservoir or 
5 vacuum tr^ 57 may be employed in the vacuum line proximally of the sanpling 
probe 10 for receiving and storing tissue samples drawn poximally throu^ the 
sampling device body by the vacuum source 13. 

An impOTtant aspect of the invention, critical to the functionality of the 
instrument slx>wn in Fig. 1, is that the annular space within the lumen 16 

10 sunnounding the siq^port stem 18 serves as a vent port when the tissue sanple is 
drawn out of the body by the negative pressure created by the vacuum source 13, 
thereby repressurizing the space in the tube lumen 14 distal of the tissue sanple. 
Without this repressurization capability, trouble-fiee operation in obtaining the 
desired tissue samples is unlikely because of pressure gradioit variations. It should 

15 be noted, also, that actuation of the vacuum override switch 31 permits operation of 
the device without the a]q3lication of vacuum pressure, if desired. 

As illustrated in Figs. 5-6, the svppoci stem 18 may be actuated axially as 
well as rotationally, between a poximal position, as shown in Fig. 5, vhmm the 
conductive cutting loop 20 is retracted, and a distal position, as showoi in Fig. 6, 

20 v^4ierein the conductive cutting loop is extended The loop advancement slide knob 
29, wiiich is fboedly attached to the suppott stem 18 by means of a conventional 
connective element enclosed within the housing 26, is utilized to axially advance 
and r^iact the cutting loop. AdvarKing ttie cutting loop 20 axially provides an 
alternate means of cutting tissue in an axial direction without requiring the mtire 

25 sanpling probe 10 to move axially as well. 

An advantageous optional feature of the present invention is illustrated in 
Figures 7 and 8, vrfiercin the support stem 18 has been preformed to permit 
movement of the cutting loop 20 in a non-stiai^ direction as it is advanced into 
the tissue, as shown in Figure 8. Such a feature may be in^xsrtant if the tissue to 

30 be sampled is disposed to the side of tte entry path for the device 10, such as, for 
exan^Ie, wh^ a lesion to be sanq}led is disposed in a side wall of a body cavity or 
conduit 
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Figures 9-10 illustrate a particular embodiment of the invention vAuch may 
utilize a modified version of the instrument shown in Figures 1-8, or which may 
alternatively utilize other similar devices such as the embodiments stown in Figures 
13-28 and described infra As discussed supra with respect to the embodiment 
5 shown in Figures 7-8, it is often the case that it is desirable to san^le selected 
areas of a cavity wall fix)m within the cavity, and for such a purpose a probe 
capable of non-axial movement, and preferably having flexible characteristics, is 
necessary. In one preferred inplementation, an automatic core biopsy device 35 of 
the type disclosed in US. Patent Application Serial No. 08/217,246, filed on March 

10 24, 1994, and Application Serial No. 08/386,941, filed on Februaiy 10, 1995, both 
of wWch are assigned to the assignee of the present aiplication, and are herein 
e}q5ressly incorporated by reference, is enployed Such a device is piesendy 
commercially available torn Biopsys Medical, Inc., of Irvine, California, the 
assignee of the presait application, under the trademark MAMMOTOME, The 

15 automatic biopsy device 35 con^ses a hollow outer piercing needle 36 having a 
pointed tip 37 and a tissiK receiving notch 38. A proximal tissue cassette housing 
40 includes a cassette receiving aperture 42 and a vacuum port 44. As discussed in 
the prior Patent i^Iications Serial hfos. 08/217,246 and 08/386,941, the biopsy 
device 35 is adapted to enter the patient's body using commercially available 

20 imaging guidance systems commonly used in the medical field for accurate 
positioning of a variety of medical devices with respect to a patient and with 
respect to a lesion within a patient For cxamplt, a stweotactic motorizsed biopsy 
needle positioning system, such as that disclosed in U.S. Patent No. 5,240,011, 
issued on August 31, 1993, to Mchael Assa, which is e^qjressly incorporated herein 

25 by reference, may be used The suspect lesion within the tissue to be sanpled is 
targeted according to tfie instmctions provided with the stereotactic guidance 
systeia The stereotactic guidance system enables an operator to advance the 
pointed tip 37 until it is adjacent to the specific tissue region to be sampled. 

Alternatively, other guidance systems may be used in conjunction with the 

30 inventive device, such as ultrasound, radiolabelling with detector, or localization 
wire. 

A flexible san^lmg device 46 having a distal end 48 may be 
percutaneously delivered to the site of a lesion to be sanpled by inserting it 

14 



throuiJi the automatic core biopsy device 35. Preferably, tlie sampling device 46 is 
received by the cassette receiving aperture 42 and ^ends through the lumen of the 
hollow outer piercing needle 36, exiting into a body cavity 50 (Figs. 11 and 12) 
throu^ the tissue receiving notch 38. Because of its flexibility and tozxpieability, 
the sampling device 46 is capable of san^ling any selected area of the cavity wall. 
To do so, as illustrated in Figure 11, the end of the san^^ling device 46 extends into 
the cavity wall 52 to a depth predetermined by the operator to be ai^jropriate. The 
distal end of the san^ling device 46, or ''business end", may be constructed in 
accordance with the principles illustrated in Figure- 1, or, alternatively, any of the 
other embodiments illustrated in Figures 13-28, and is preferably configured to 
ensure that the effective diameto* of the incision is less than about 7 mm, in order 
to hopefully avoid the need for stitches. Largo* diameter sanpling devices are 
certainly feasible, however. Thus, the tube 12 of the device illustrated in Figure 1 
may be constructed of a substantially rigid electrically conductive biocon^iatible 
material, to create a substantially rigid probe device, or alternatively, it may be 
constructed of a flexible biocon^xitible material like that shown in Figures 10 and 
1 1 (flexible samplmg device 46). 

As illustrated in Figures 13 and 14, the lumen 14 may be configured to 
accept a plurality of sequentially obtained tissue samples during a single medical 
procedure, with only a single oitry and exit of the device into and out of the 
patient* s body. Optionally, a movable stop plunger 58 having a vacuum lumen 60 
extending therethrou^ may be en:q)loyed, wherein the stop plunger is arranged to 
be progressively moved proximally as specimens are obtained, to permit space for 
the additional specimens while at the same time prohibiting tte specim^ fiom 
being drawn through the tube 12 to the vacuum source. Additionally, it may be 
desirable to coat die inner surface of the tube 12 with a hydrophyllic or slick 
coating in order to facilitate transport of tiie tissue sample. A stop plunger lever 61 
(Fig. 13), disposed on a proximal portion of the housing 26, is axially slidable 
within a slide channel 62 to axially move the stop plunger 58. 

Many other embodiments may be enployed other than tte embodin«nt 
illustrated in Figures 1 and 13. For exanq)le, a modified embodiment is illustrated 
in Figures 15-17, wherein all elements corresponding to those of the embodiment of 
Figure 1 are designated by like reference numerals, succeeded by the letter "a". In 
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this embodiment, the conductive cutting loop 20a is comprised of a pair of wires 
120 and 220, both of which extend proximally through the secondary lumen 16a in 
the form of support stems 118 and 218, respectively. As in die prior embodiment, 
the wires 120 and 220 are capable of conducting electrical energy for elediocauteiy 
puiposes. Figure 16 iUustrales the wires 120 and 220 in their rest position, while 
Figure 17 iUustrates the wires after the support stems 1 18 and 218 have been pulled 
proximally by pulling a slide lever 63 in a proximal direction, vJtach slide lever 63 
is operatively connected to the support stems 118 and 218. Pulling the si^rt 
stems 118 and 218 proximally causes the wires to close the end of the tube 12a and 

thereby sever the distal end of the tissue sanple contained with the tube lumen 14^ 
in a manner similar to that of the loop 20 in the Figure 1 embodiment. An 
important difference between the Figure 1 and Figures 15-17 embodiments is that 
the drawing of the two wires 120 and 220 to a closed position functions to sever 
only the distal end of the tissue sample without cutting and thereby injuring 
15 sunxjunding tissue, unlike the conductive cutting loop 20 of Figure 1,^^ 
showi in Figures 3 and 4, substantially impacts sunounding tissue during the 
rotational severing process. 

StiU another embodiment of the inventive apparatus is illustrated in Figures 
18 and 19, wherein like elements to those of previous embodiments are designated 
20 by like reference numerals, succeeded by the letter "c". In this embodiment, a 
partial wire hoop 20c is utilized, whrch is shown in solid line in its rest position, 
and in phantom in its actuated positioa To sever the distal end of the tissue 
sample, the partial hoop 20c is rotated from the rest position to the actuated 
position, by rotating the support stem 18c using an actuator 24c, which may be 
25 identical to actuator 24 illustrated in Figure 13, if desired, following which the 
body tube 12c isTOWsrflqr 180 degees to conplelB die tissue severi^ In 
this embodiment, unlike the embodiment of Fig 1, for example, the hoop 20c does 
not function as the axial cutting element as the instnnnent is advanced into the 
target tissue. Rather, the tube 12c is electrically conductive in this embodiment, 
and, in order to ensure safe handling of the instrument, is therefore covered by an 
insulative sleeve 64 along its entire length (Fig. 19), except at its distal end. The 
uncovered distal end 65 of the tube 12c is therefore electrically charged and 
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^qposed, so that the distal end 65 functions as an electrosurgical axial cutting 
element as the instnunent is advanced througji the tissue. 

Yet another embodiment of the inventive apparatus is shown in Figures 20- 
22, wherein like elements to those of previous embodinmts are designated by like 
5 refer^ice numerals, succeeded by the letter "d". In Rgure 20, the conductive 

tubing body 12d is illustrated, N^terein a ctrcunifeientxal slit 66 has been partially 
cut flirou^ the tube 12d near its distal oxL A band of tubing material 67 disposed 
distally of the slit 66 is then bent inwardly and stress relieved in the position shown 
in Figure 22. Following this, as illustrated in Figure 21, an inner coaxial tube 68 is 

10 insetted into the tubing body 12d to force the material band 67 open. At this point, 
the instrument lOd is ready to use. When the tube 12d has been advanced into a 
patient's body to obtain a tissue san^le, the ma tube 68 is renwved to cause the 
band of material 67 to snap inwardly to its natural stress relieved position, as 
shown in Figure 21 Since the tubing 12d, and therefore the material band 67 are 

IS electrically energized, the motion of the band of material 67 inwardly functions to 
partially cut off the distal end of the tissue sanple. Hie tube 12d is then rotated 
180 degrees to conq}letely sever the tissue sanple. 

Figures 23-27 illustrate still anodier embodiment of the inventive device, 
wherein like elements to those of previous devices are designated with like 

20 reference numerals, succeeded by the lett^ *'e". In this embodiment, a wire loop 
20e is adapted to pivot fiom one side of the tube 12e (Figure 24) to the odier side 
of the tube 12e Qngure 27). As with the previous enibodiments, rotation of the 
\wre loop 20e, which is enargizBd by the electrocautery generator (not shown), 
severs the distal end of the tissue sanq>le being cs^Ttured, which cqTture is assisted 

25 by the simultaneous application of a suction to the proximal end of the lumen 14e. 
Again, the desigi pf the wire loop 20e of this embodiment advantageously 
minimizies damage to tissue surrounding the tissue to be captured 

In the Fig. 23 embodiment, the housing 26e is shown cut away, so that the 
actuating mechanism 69 for the hoop 20e is visible. For this preferred actuating 

30 mechanism, an ^jper portion 70 of the bidirectional trigger 30e conpises a pinion, 
having teeth wiiich enggige a rack 71, which in turn is connected to the siqjport 
stem 18e to drivingly rotate the hoop 20e in either of two directions. Optionally, 
this actuating mechanism 69 may be utilized in any of the illustrated embodiments, 
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ifdesired OntlKpn«iinalendofthehousing26e,apairoffittingsaredis^ 
for attachment to coneqjonding control lines 86 and 88. respectively (illustrated in 
Fig. 28). 

. A particularly advantageous aspect of the invention is its ability to be used 
5 in connection with sensing probes for id«itifying and locating desired tissue to be 
sampled. For example, ultrasound probes or radiation detecting (Geiger) probes 
may be employed, such as those disclosed in US. Patent Nos 4 959 547 
5.036,201, 5.119.818. 5.148.040. 5.170.055, and 5^46,005. ^vhici are assigned to 
Care Wise Medical ftoducts Coiporation of Morgan HU. California, and are herein 
expressly incorporated by reference. Rrfemng particularly to Figures 28-30. 
wherein like elements to those of previous devices are designated with like ' 
reference numerals, succeeded by the letter "g". a tissue sampling probe, or soft 
tissue acquisition device lOg is illustrated, having a tube 12g. a primary lumen 14g. 
a secondary lumen 16g. a support stem 1 8g. and a conductive cutting loop 20g. 
Hk cutting loop 20g may comprise any of the t>pes of cutting loops disclosed in 
the previous embodiments, as desired A handle 24g is preferably joined to a 

proximal end of the tube 12g, and includes a trigger 30g and a thixnigh hole 78, 
M*iich is configured to receive a sensing probe 80 or 82 (Figures 29 and 30). The 

handle may be manuaUy held, or may alternatively be held by a mechanical aim or 
20 fixed to a stereotactic platform or the like. 

A stand alone sensing probe 80 is illustrated in Figure 30, which may 
comprise either an ultrasonic probe or a geiger probe, both of wWch arc 
conventionally known in the medical diagnostic arts. Hb probe 80 is specifically 
configured to mate into the through hote 78 of the soft tissue aojuisition device 
lOg. Electronic conirollines 84 extend from a proximal end of the probe 80 to 
appropriate control units, for receiving and processing infonnation obtained by the 
probe. 

Alternatively, a multi-vision probe, such as the probe 82 iUuslrated in 
Figure 30. may be utilized. This type of probe is capable of fimctioning both as an 
30 ultrasonic probe and as a geiger probe, and has two sets of control lines 86 and 88 
for communicating with ultrasonic and geigqr electronic contixrf units, respectively. 

In operation, a lesion (tissue) 90 to be sampled (Figure 28) is located using 
a multi-vision probe 82 or a combination of stand-alone probes 80, which are 
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disposed in the soft tissue acquisition device lOg. The geiger portion of the probe 
provides an X-Y location on the surface of the tissue to be sanpled, wWle the 
ultrasonic portion provides depth information as well as X-Y location informatioa 
Thea the soft tissue acquisition device lOg is held in position, while the sensing 
5 piobe(s) is (are) removed. Following location of the lesion 90, scissors 92 (Figure 
31) having de|^ marks 94 and blades 96, 98, may be used, if necessary, throu^ 
the lumen 14g to dissect distally to a position within the tissue just proximal to the 
lesion 90 of interest Hien, the scissors 92 are ranoved fiom the lumen 14g, and 
the tissue acquisition device lOg is electrically energized and advanced to the 
10 pre-determined dqjth. At this juncture, the rad cutting loop 20g is utilized in a 
manner similar to that discussed in c(»inection with previously disclosed 
embodiments to sever the distal end of the tissue specimen, following which suction 
is activated, using vacuum switch 31& to transport the specimen proximally 
through the lumen 14g. 
15 Referring now to Figure 33 and 34, another onbodiment of the inventive 

soft tissue acquisition device is provided, wherein like elenients to those of pcvious 
devices are designated with like refoence numerals, succeeded by the letter "i**. 

Although the use of negative pressure \o withdraw the tissue specimens is 
preferred, the invention is broad enougih to include other approadies for ensuring 
20 prompt and efficient retrieval of intact specimens. For example, as illustrated in 
Figures 33 and 34, a medianical grasper 112 having a shaft 114 extending throu^ 
a rear port 116 configured for woridng instruments, and the lun»i 14i, is employed 
to grasp tissue using distal jaws 118, which are openable and closable by means of 
handles 120. In this embodiment, the trigger 30i may be pulled to simultaneously 
25 actuate the vacuum and electrosurgical generator, thereby causing the tissue sample 
to be severed, fls d^bed vwth respec* to the aforena^ Then, 
simultaneously with the severing process, the graspers 1 12 may be used to "grab" 
the tissue sanple with the jaws 1 18, and to pull the sample proximally through the 
lumen 141. Optionally, a "vacuum only" button 122 and an "electrosurgical power 
30 only" button 124 are disposed on the housing 26i so that the j^ysician may elect to 
cut out either vacuum or electrosurgical power wh«i pulling the trigger. The 
vacuum line is attached to a vacuum fitting 126 and tte electrosurgical power line 
is attached to an electrosurgical fitting 128, both of which are disposed on the 



19 



wo 98/08441 



PCT/US97/15092 



housing 26i. A particular advantage of this embodiment, in certain applications, is 
that there is no electrosurgical cutting hoop disposed distally of the cutting end of 
the tube 12i, so the instrument is ideally suited for retrieving samples &om tissues 
^^l^ich have been dissected away from the "parent" tissue, yet are still in the body. 
Such is often the case in laparascopic surgery applications. 

While this invention has been described with respect to various specific 
examples and embodiments, it is to be understood that the invention is not limited 
thereto and that it can be variously practiced within the scope of the following 
daims. 
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WHATKOAIMEDIS: 

1 . A tissue sanpling apparatus, conpising: 

a tubular body having a pimary lumai for receiving a tissue sanple, and 
having a distal end and a proximal end; 

a non-rotating electrosurgical cutting element disposed at the distal end of 
S the tubular body; and 

a means for drawing tissue to be sanqded into the primaiy lumen, vttereby 
the electrosurgical cutting element cuts said tissue to capture an intact tissue san^)le 
core Avithin said lumen. 

2. The tissue sampling apparatus recited in Gaim 1, wherein the 
electrosurgical cutting elemoit conqsrises a wire disposed distally of the distal end 
of the tubular body. 

3. The tissue sampling q^paratus recited in Claim X and furtiher 
comprising a siqjpoit stem attadied to said wire and disposed pxiximally thereof for 
siqjpotting and controlling s^d wire, and a secondaiy lumen foe receiving said 
sif^rt stem. 

4. The tissue sampling s^jparatus recited in Claim 3» wtodn said 
means for drawing tissue comprises a source of vacuum pressure for drawing a 
vacuum through the primary lumen; the vacuum pressure in the primary lumen 
drawing tissue to be sampled into the primaiy lumen and the electrosurgical cutting 

S element cutting said tissue to capture an intact tissue san^le core within said 
primaiy lumen. \ 

5. The tissue sanpling apparatus recited in Claim 4, vtoein annular 
space surrounding said siq^port stem within said secondary lumen functions as a 
vent port, drawing air at ambient pressure distally therethrou^ to rqsressurize 
regions in said primary lumen distal to the tissue sanple being drawn proximally 

5 through said primary lumen; said repressurization functioning to assist transit of 
said san^le pnoximally through the primaiy lumea 
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6. The tissue sampling apparatus recited in Claim 2, wherein the 
tubular body is csomprised of a non-electrically coiKluctive material. 

7. The tissue sanpling apparatus recited in Claim 2, wherein the wire 
conqjrises a single substantially circular wire which is rotationally pivotable &om 
side-to-side to sever a distal end of the tissue sample, thereby conpletely severing 
the tissue sanple from surrounding tissue. 

8. Ihe tissue sampling apparatus recited in Claim 2, wiiercin the wire 
conpises a pair of wires vsliich together are actuatable from a rest position to a 
severing position, the pair of wires together forming a substantially circular cutting 
element disposed about the distal edge of the tubular body in the rest position, and 

5 the pair of wires being dravwi together across the cross-sectional aira of the distal 
end of the tubular body in the severing position, while being electrically oiergized, 
the drawing motion of the wires across the cross-sectional area functioning to sever 
a distal end of the tissue sanq^le, thereby corrqjletely severing the tissue sample 
from suiTounding tissue. 

9. The tissue san9)Iing apparatus recited in Claim 2, wi»ein the wire 
conpises a sin^e wire wAiich is actuatable from a rest position to a severing 
position, the wire forming a substantially circular cutting element disposed about 
the distal edge of the tubular body in the rest position, and the wire being drawn 

S across the cross-sectional area of the distal end of the tubular body vMt being 
electrically energized in the severing position, the drawing moticm of the wire 
across the cross-sectional area functioning to sever a distal end of the tissue sanple, 
thereby completely severing the tissue sanple from surrounding tissue. 

10. The tissue sanf)ling sq^paratus recited in Claim 2, wherein the wire 
conpises a single wire w4uch is actuatable from a rest position to a severing 
position, the wire forming a semicircular cutting element disposed about a portion 
of the distal edge of the tubular body in the rest position, and the vme being drawn 

5 across the cross-sectional area of the distal end of the tubular bocty wiiile being 
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electrically ener^zed in the severing position, the drawing motion of the wire 
across the cross-secdonal area functioning to sever a portion of the distal aid of the 
tissue sample. 

11. Ihe tissue sampling apparatus recited in Claim 2, uiierein tiie wire 
conpises a single wire which is actuatable fiom a rest position to a severing 
position, the wire forming a semiciroilar cutting element disposed about a portion 
of the distal edge of the tubular body in the rest position, and the wire being drawn 
across the cross-sectional area of the distal end of the tubular body v^le being 
electrically energized in the severing position, to a position about an opposing 
portion of the distal edge of the tubular bod|y fiom the portion of the distal edge 
about wliich the wire is disposed in the rest position, wherein the wire has a pair of 
ends which are each fixedly attached to opposing sides of the tubular body distal 
edge, the drawing motion of the wire across the cross-sectional area functioning to 
sever the distal end of the tissue san9)le. 

12. The tissue sanpling apparatus as recited in Claim 1, wherein a 
distal portion of the tubular body includes a slit extending part of the way throu^ 
the thickness of the tube wall, the slit creating a flexible band of material between 
the slit and tiie distal end of the tubular body, the flexible band of material being 

S predisposed to rest in a partially colls^^sed position across the cross-sectional area of 
the tubular body, the ^paratus further conpising an inner coaxial tube adapted to 
be inserted into the lumen of the tubular body to thereby push the material band 
into a circumferoitial configuration substantially coincident with the rraiainder of 
tiie tubular body, the tubular body being electrically conductive to conduct 

10 electrical energy fibm an electrocautery generator to tte flexible band of material 
wiiich thereby conpises said electrosurgical element, whoiein when the inner 
coaxial tube is removed fiom the tubular body lumen, the electrically energized 
flexible band of material collapses to its rest position across the cross-sectional area 
of die tubular body, the collapsing motion of the band of material functioning to 

IS sever the distal end of a tissue sample. 
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13. The tissue sampling ai^jaratus as recited in Claim l,vvherein^^ 
tubular body lumen is adapted to acoommodate a plurality of tissue samples. 

14. Hie tissue sampling apparatus as recited in Qaim 13, and further 
comprising a movable stop plunger disposed at the proximal end of the tubular 
body lumen, said movable stop plunga- preventing flie tissue sanq)Ies finm being 
drawn proximaUy to the vacuum pressure source, and being movable in a proximal 

direction as additional tissue samples are captured in Older to expand the lumen 
space available to accommodate the tissue samples. 

15. The tissue san^Iing j^jparatus as recited in Oaim 3, wheran tfie 
si^pport stem is movable proximaUy to retract the wire cutting elonent in a 
proximal direction, and is movable distally to extend the wire cutting element in a 
distal directioa 

16. Ihe tissue sampling apparatus as recited in Claim IS, wherein the 
si9)port stem is pcfOTmed to allow movement of tiie wire cutting element in a i»n- 
linear direction as it is extended distally. 

17. The tissue sanpling^jparatus as redted in Claim l,v>iierein the 
tubular body is flexible and steerable in order to obtain tissue san^les fixMn any 
desired location on the wall of a tissue cavity, aiKi tiie iqjparatus is adqjted for 
deliveiy to a desired tissue location percutaneously. 

18. ITie tissue san5)ling ^jparatus as recited in Claim 17, and further 
con^sing a perputaneous biopsy instrument having a hollow outer piercing needle 
v^Wch is adapted for entry into a patient's body, the hollow outer piercing needle 
including a lumen extending along its length, wherein the flexible tubular body is 
adapted for insertion into the patient's body tiirough said hollow outer piercing 
needle lumea 

19. The tissue sanpling apparatus as recited in Claim 2, 'wiiercin the 
distal end of the tubular body conpises said electrosurgical cutting element, the 
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tubular body being constructed of an electrically conductive material and being 
further surrounded by an insulative jacket along its mtire length exoqpt at the distal 
cutting end. 

20. The tissue san^iling apparatus as recited in Claim 3, and furtho* 
comprising a mechanical actuator for moving said wire through said si^iport stem. 

21. The tissue sanpling apparatus as recited in Qaim 1, uterein said 
means for dravsing tissue comprises a source of vacuum pressure for drawing a 
vacuum throu^ the primary lumen; the vacuum pressure in the primazy lumen 
drawing tissue to be san^led into the primary lumen and the electiosurgical cutting 

S element cutting said tissue to o^Tture an intact tissue sanple core within said 
primary lumen. 

22. The tissue san:q3ling sqiparatus as recited in Claim 21, v^terein said 
cqpuatus further conpises a housing portion, the housing pcHtion including a first 
switch for simultaneously activating the source of vacuum pressure and an 
electiDcautery goterator for providing electrical cunent to said electiosurgical 

S cutting element, a second switch for activating only the source of vacuum pressure, 
and a third switch for activating only the electiocautery generator. 

23. The tissue sampling apparatus as recited in Claim 21, and fixrther 
comprising a tissue resen^oir disposed ptoximally of said tubular body. 

24. The tissue sampling apparatus as recited in Claim 23, v\4ierein said 
tissue reservoir is disposed in a vacuum pressure line between the tubular body and 
the source of vacuum pressure. 

25. The tissue sampling qparatus as recited in Claim 21, and further 
comprising a vacuum ovenide switch for selectively cutting off the source of 
vacuum pressure. 
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26. The tissue sampling apparatus as recited in Claim 1, and further 
conpising a coating on the interior surface of the tubular body to facilitate 
transport of tissue sanples therethrough. 

27. The tissue sanpling apparatus as recited in Qaim 1, and further 
comprising depth marks on said tubular body to facilitate positioning of the 
apparatus in a patienfs body. 

28. The tissue sanqjling apparatus as recited in Claim 1, vrfierein said 
tubular body is adapted to accommodate insertion of a sensing probe throu^ the 
primary lumen thereof 

29. Hie tissue sampling apparatus as recited in Claim 28, wterein said 
sensing probe conpises a radiation d^ecting probe. 

30. The tissue sanpling ^jparatus as recited in Claim 28, wherein said 
sensing probe oonpises an ultrasound probe. 

31. The tissue sampling ^3paratus as recited in Claim 28, vAierein said 
sensing probe comprises a multivision pobe. 

3Z The tissue sanpling qqsarotus as recited in Claim 28, wherein said 
aipoatus is atiafted to accommodate a sdssors throu^ the primary lumen after the 
sensing probe has been removed therefiom, said scissors functioning to dissect 
distally to a position just proximal to a lesion of interest 

33. The tissue sampling sqsparatus as recited in Oaim 1, wherein said 
means for drawing tissue comprises a mechanical grasper having qpenable jaws 
^^ch are adapted to extend throu^ tiie priinary lumen of said tubular body. 

34. A method of capturing a body tissue sanq}le using a tissue sanpling 
apparatus comprising a tubular body having a lumen extending thoethiough, a 
distal end, an electrosurgicai cutting element disposed distally of the distal end of 
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the tubular body, an actuator for moving the cutting element, and an electrocautery 
S generator, the method comprising: 

activating the electrocautery generator to energize the eledrosurgical cutting 
element; 

advancing the tubular body through a tissue portion a desired distance so 
that the energized eledrosurgical cutting element cuts a tissue san^le core as the 
10 tissue sample enters the lumen; and 

actuating the electrically energized cutting element so that it moves across 
at least a portion of the cross-secticuial area of the tissue sample core at its distal 
end, thereby severing the distal end to capture the tissue sample core in a 
substantially intact condition within the tubular body luvnen. 



27 



wo 98/08441 



PCTAJS97/15092 



3/12 

TO E/S 
GENERATOR 




Fi^. lOa 



wo 98/08441 



PCT/US97/15092 



5/12 




wo 98/08441 



PCT/US97/15092 



6/12 



TO VACUUM 
SOURCE 





wo 98/08441 



PCTAJS97/15092 




Ft^. 22 



WO9a/08441 



PCTAJS97/15092 



9/12 




wo 98/08441 PCT/US97/15092 




wo 98/08441 



12/12 




INTERNATIONAL SEARCH REPORT 



In <tionat Application No 

Pcr/US 97/15092 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 A61B10/00 



According to Iniemational Patent ClassificationOPC) or lo both national dassilicaiion and IPC 



B. FIELDS SEARCHED 



Minimum aocumeniaiion searched (dassitication system followed byclassificalton symbols) 

IPC 6 A61B 



Docomenialton searched other than minimum documamaiion to the extent that such documents are included in the fields searched 



Electronic data base consulted during the intemalional search (name ol data base and. where practical, search tenns used) 



ODOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' Citation of document, with indication, where appropriate, of the retevani passages 



US 5 334 183 A (WUCHINICH DAVID 6) 2 

August 1994 

see the whole document 

WO 95 08291 A (BOSTON SCIENT CORP) 30 
March 1995 

see the whole document 

US 5 133 360 A (SPEARS COLIN P) 28 July 
1992 

see the whole document 

DE 31 48 306 A (REICH KARL FRITZ) 30 June 
1983 

see the whole document 

UO 89 10092 A (NETRIAS BV) 2 November 1989 
see the whole document 

-/-- 



Relevant co claim No. 



1.13.14 



1.4.21 



)( j Further documents are listed in Ihe contirujation ot box C. 



|X I Patent lamily members are listed in annex. 



* Special categories ol c^ed documents : 

A* document defining the general etate of Ihe art which is not 

considered to be of particular relevance 
*E* earlier document but published on or after the international 

Ktingdate 

V document which may throw doutjts on priority dalmfs) or 
which is cited to establish the publicatlondate ot another 
citation or other special reason (as specified) 
'0' document referring to an oral disdosure, use. exhibition or 
other means 

P" documem published prior to the international filing dale but 
tatar than the priority date claimed 



*T' later document published alter the international filing date 
or priority date af>d not in conflict with the application t>ul 
cited to understand the principle or theory underlying the 
invention 

•X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document Is taken alone 

"Y* document of particular relevance: Ihe claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
intheart. 

"4" document member of the same patent family 



Date ot Ihe actual completion of theinlematlonal search 



17 November 1997 



Date of mailing of the intemalional search report 



litis? 



Name and mailing address of tne ISA 

European Patent Olfice. P.B. 5816 Patemiaan2 
NL ~ 2280 HV Rijswijk 
Tel. (431-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (^1-70)340-3016 



Authorized officer 



Verelst. P 



Foim PCT/ISA.210 (Mcond sheet) (Ju(y 1992} 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



im 'lonal Application No 

PCT/US 97/15092 



C.(Contlnuatlon) OCX:UMENTS CONSIDERED TO BE RELEVANT 



Categoiy ' CilaUon ol documeni. wuh indicaiion.where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0 593 929 A (UNITED STATES SURGICAL 
CORP) 27 April 1994 

see column 1, line 56 - column 2, line 24 



fom PCT/ISA/210 (oonlnuation ot MooMthaM) Puly 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



irnational application No. 

PCT/US 97/15092 



Box I Observations where certain claims were found unsearchable (Continuation of Item 1 of first sheet) 



This fntematlonal Search Report has not been established in respect of certain daims under Artide 17(2)(a) fortha following reasons: 

1 . \x] Claims Nos.: 34 

because they relate to subject matter not required to t>e searched by this Authority, namely: 

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by 
surgery 

2. Q Claims Nos.: 

because they relate to parts of the International Application that do not comply with the prescribed requirements tosuch 
an extent that no meaningful International Search can be carried out. spedfically: 



3. Q Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences ot Rule6.4(a). 



Box 11 Observations where unity of invention Is lacking(Continuatlon of Item 2 of first sheet) 



This International Searching Authority found multiple inventions tn this international application, as follows: 



1 ■ I I ^ required additional search fees were timely paid by the applicant, this International Search Report covers all 
' searchable daims. 

2. Q As all searchable claims could be searched without effort justifying an additional fee. this Authority did not invitepayment 
of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this Intemational Search Report 
' — ' covers only those claims fpr which fees were paid, specifically claims Nos.: 



No required additional search fees were timely paid by the applicant. Consequently, this Intemational Search Report I 
restricted to the invention first mentioned in theclaims; It is covered by claims Nos.: 



Remark on Protest 



I I The additional search fees were accompanied by the applicant's protest. 
I I No protest accompanied the payment of additional search fees. 



Form PCT/iSA/210 (continuation of first sheet (1 ))(July 1992) 



INIERNATIONAL SEARCH REPORT 

information on patent ramlly members 



ln» tlonal Application No 

PCl/US 97/15092 



P&tsnt dnmtnant 

■ lalWIi WWWUIIIOIII 

Cited in search report 


Publication 
date 


Patent family 
niember(s) 


Publication 


US 5334183 A 


02-08-94 


lie 

us 


4750488 A 


14-06-88 






1 If* 

us 


4922902 A 


08-05-90 






us 


4750902 A 


14-06-88 






JP 


2613661 B 


28-05-97 






OP 


3029645 A 


07-02-91 






CA 


1304639 A 


07-07-92 






CA 


1318000 A 








DE 


3689308 D 


23-12-93 






DE 


3689308 T 


15-09-94 






EP 


0233940 A 


02-09-87 






JP 


63500850 T 


31-03-88 






UO 


8701276 A 


12-03-87 



WO 9508291 A 



30-03-95 



US 
EP 
EP 
EP 
EP 
EP 
JP 
JP 
JP 
JP 
JP 
WO 
WO 
WO 
WO 



5573008 
0722286 
0722287 
0720440 
0720441 
0720442 
9504451 
9502898 
9502907 
9503404 
9502909 
9508944 
9508945 
9508946 
9508292 



US 5133360 A 



28-07-92 



AU 
WO 



1642392 A 
9215250 A 



12-11-96 
24-07-96 

24- 07-96 
10-07-96 
10-07-96 
10-07-96 
06-05-97 

25- 03-97 
25-03-97 
08-04-97 
25-03-97 
06-04-95 
06-04-95 
06-04-95 
30-03-95 

06-10-92 
17-09-92 



DE 3148306 A 



30-06-83 



NONE 



WO 8910092 A 



02-11-89 



NL 
AT 
AU 
AU 
CA 



8801002 
116533 
622674 
3567689 
1325565 



DE 68920434 



16-11-89 

15- 01-95 

16- 04-92 
24-11-89 
28-12-93 
16-02-95 



Fotm PCTASA.210 (patani family annex) (July 1992> 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 

nlonnallon on patent family mambare 



Int Monal Application No 

PCl/US 97/15092 



Patent document 
cited in search report 



Publication 
date 



Patent family 
mefflbei(s) 



Publication 
date 



UO 8910092 A 



DE 68920434 T 
EP 0425500 A 
JP 3500018 T 
US 5159933 A 



14-06-95 
08-05-91 
10-01-91 
03-11-92 



EP 0593929 A 



27-04-94 



CA 2106039 A 



24-03-94 



Foim PCT/ISAaiO (psiant temly aniMx) giily 1992) 



page 2 of 2 



